cytoplasm of plasma cells is known to contain large amounts of ribonucleic acid (RNA)1* and, if such a relationship exists, mast cell granules should contain some RNA.
The presence of RNA in mast cell granules is uncertain. MON-TAGNA, EISEN and GOLD MAN^^ demonstrated an RNase-sensitive component of human mast cell granules which they thought was RNA. WISLOCKI and D E M P~E Y~~ reported the lack of RNA in megokaryocytes and mast cell granules of rats. One year later, however, they modified their procedure and reported that there was KNA in megoltaryocytes but they did not report a re-examination of mast cell granules for RNA48. Utilizing a fluorescent technique, no RNA was found in cells in rat and mouse liver which were assumed to be mast cellss.
The identification of these cells as mast cells, however, was not conclusive. Because of the low total phosphorus content, LAGUNOFF and BENDITrS0 doubted the presence of significant amounts of RNA in isolated rat peritoneal mast cell granules. ACKERMAN~ reviewed the marked similarities of mast cell granules and blood basophil granules and suggested the association of RNA with the mucopolysaccharide component of the basophil granule. As an initial step in the study of the similarities of mast cells and plasma cells, the presence or absence of RNA in canine mast cell granules was investigated. The results of this investigation and the possible relationship of mast cells to plasma cells are reported herein.
Materials and Methods

Neoplastic Mast Cells
Fifteen canine mastocytomas were randomly selected from surgical specimens submitted to the Department of Animal Diseases, University of Connecticut. These tumors had been fixed in 10% formalin, embedded in paraffin, sectioned at 6 p and stained with hematoxylin and eosin. The diagnosis of mastocytoma was confirmed by staining with 0.1% aqueous toluidine blue @H 3.5), followed by dehydration in acetone (6 dips), clearing in xylol and mounting in Permount*.
Judging maturity on the basis of the size and quantity of granules as described by OLIVER, BLOOM and M A N G I E R I~~, twelve of these tumors were designated as mature, two were immature and one tumor was intermediate in type.
Non-neoplastic Mast Cells
Cells were chosen as representatives of non-neoplastic canine mast cells from the following three locations: (1) the dermis of normal skin, (2) the dermis of skin with chronic suppurative dermatitis and (3) at the periphery of a trichoepithelioma. These mast cells were also identified utilizing toluidine blue staining.
P yroninophilia
Since RNA is pyroninophiliclg, the similarities between canine mast cells and plasma cells were investigated utilizing the Unna-Pappenheim methyl green-pyronin technique at p H 3.OZ4. Sections were cut at 6 , LL and deparaffinized and hydrated by a 10-min immersion in xylol, isopropyl alcohol (2 changes), 50% aqueous isopropyl alcohol and distilled water, respectively. Each section was then stained utilizing the Unna-Pappenheim methyl green-pyronin technique. Following a rinse in absolute ethanol for 5 min, the sections were dipped several times in 95% ethanol, cleared in xylol and mounted with Permount.
To determine whether the granules taking the pyronin stain were the same as those that stained metachromatically with toluidine blue, two tumors were stained with toluidine blue and specific areas were photographed. The cover slips were then removed in xylol and the sections decolorized in absolute ethanol. Following decolorization, the sections were restained with the Unna-Pappenheim technique and the same areas rephotographed for comparison.
One drop of a 0.01 % aqueous heparin* solution was placed on filter paper, dried and dipped into the Unna-Pappenheim solution to test the pyroninophilia of heparin.
Ribonuclease (RNase) Sensitivity
Two 6 ,LL sections from each tissue block were deparaffinized and hydrated as described. Utilizing a method similar to that of BRACIIET~, enzymatic hydrolysis was performed using 0.1% RNase** in distilled water. The RNase solution was adjusted to p H 6.0 and heated to 90°C for 5 min to insure that no proteolytic activity remained. Approximately 2.0 ml of this solution, preheated to 37"C, were flooded onto one section of each tissue. The sections were then incubated at 37°C for 1% h simultaneously with a similar section from the same tissue block which had been flooded with 2.0 ml of distilled water (PH 6.0) preheated to 37°C.
After incubation, both sections of each tissue were washed in distilled water for 10 min and stained simultaneously with the Unna-Pappenheim technique.
After similar incubation with RNase, neoplastic mast cells in one mature mastocytoma and non-neoplastic mast cells a t the periphery of a trichoepithelioma were staincd with toluidine blue to observe the effect of RNase on the toluidine blue basophilia of the granules.
Enzyme Controls
As controls for the enzymatic hydrolysis, the digestion with RNase was also performed on cells with known high amounts of RNA-plasma cells (at the periphery of a canine trichoepithelioma) and normal canine pancreatic acinar cells.
Various attempts at heat inactivation of the RNase used in the hydrolysis were unsuccessful due to the great thermal stability of this enzyme42. Therefore, an oxidized inactive RNase* was employed as an inactivc enzyme control. A 0.1 % solution of this inactive RNase was adjusted to pH 6.0 and approximately 2.0 ml were flooded onto sections of four tumors and onto sections of normal canine pancreas. These sections were incubated and stained simultaneously with the sections treated with the active enzyme and distilled water as described above.
Additional Controls
Eight different types of canine neoplasms were stained with the Unna-Pappenheim technique to determine if other tumors had pyroninophilic, RNasesensitive granules. These tumors were an apocrine sweat gland adenocarcinoma, a mammary gland cystadenoma, a squamous cell carcinoma, a fibroma, a histiocytoma, a lymphosarcoma, a trichoepithelioma and a melanoma.
P yroninophilia
All of the neoplastic and non-neoplastic mast cells examined revealed pyroninophilic granules of the same size, quantity and distribution as the granules observed in the sections stained with toluidine blue (Figs. 1 & 2) . Staining of the two immature tumors revealed fewer pyroninophilic granules coinciding with the fewer metachromatic granules observed in this type of mastocytoma37. As far as could be ascertained with the light microscope, the basophilic granules were identical to the pyroninophilic granules when sections were stained * Oxidized Ribonuclease-A, Type XII-AO, Sigma Chemical Company, St. Louis, Missouri. with toluidine blue (Fig. l) , decolorixed and restained with the Unna-Pappenheim technique (Fig. 2 ). Heparin spotted on filter paper was p yroninophilic.
RNase Sensitivity
The pyroninophilia of the granules in the twelve mature and one intermediate mastocytomas was decreased following RNase treatment under the conditions described ( Figs. 3 & 4) . The sensitivity of the two anaplastic tumors was difficult to evaluate because of the lack of significant granulation in these tumors. The non-neoplastic mast cell granules from the 3 described locations also exhibited RNase-sensitive p yroninophilia.
As revealed in Figures 1 and 5, there was considerable orthochromatic, as well as metachromatic, staining of mast cell granules with dilute toluidine blue. (Orthochromatic staining means that the granules were stained the same color as the dye, i.e., blue. Metachromatic staining means that the granules were stained a color different from the dye, i.e., a variety of violet to red tones). When these granules were (control for Fig. 4) . Fig. 4 . Section from same area of mastocytoma as Figure 3 . Mast cells exposed to 0.1 % ribonuclease (pH 6.0) for 1 '/z h a t 37°C and stained simultaneously with section in Figure 3 . Unna-Pappenheim technique, x 192. Note decreased pyroninophilia as evidenced by decreased intensity of red staining. Fig. 5 . Neoplastic canine mast cells treated as section in Figure 3 but stained with toluidine blue (pH 3.5). Note orthochromatic and metachromatic staining of cells. x 192. Fig. 6 . Section from same area of mastocytoma as Figure 5 but exposed to ribonuclease digestion. The orthochromatic staining has disappeared but the metachromasia remains. Toluidine blue (pH 3.5), x 192. F&. 7 . Area from canine mastocytoma illustrating two "plasma mast cells" (arrows). Toluidine blue, x 1200. subjected to RNase digestion and then stained with toluidine blue, most of this orthochromasia was eliminated, whereas the red metachromatic staining remained (Fig. 6 ).
Enzyme Controls
Cells known to contain RNA-plasma cells and pancreatic acinar cells-revealed cytoplasmic pyroninophilia that was diminished by RNase hydrolysis. These cells also revealed orthochromatic staining with toluidine blue which was RNase-sensitive.
Additional Controls
None of the other 8 types of canine tumors stained by the Unna-Pappenheim technique revealed any pyroninophilic granules except the melanoma, in which some of the melanin granules took the pyronin stain. This pyroninophilia was not RNase-sensitive.
Plasma Mast Cells
During the course of this investigation, cells resembling plasma cells were again encountered among canine mastocytoma cells (Figs. 7 & 8). The same unusual cells were also observed in a previous study of mast cells16 and appear to fit the description and illustrations of "plasma mast cells"28. These cells contained the metachromatic cytoplasmic granules that distinguish a mast cell. However, unlike the usual mast cell, these cells had perinuclear halos, eccentric nuclei and a distribution of nuclear chromatin suggestive of plasma cells.
Discussion
RNA in Mast Cell Granules
Histochemical demonstration of RNase-sensitive pyroninophilia or basophilia is evidence for the presence of RNA33 7, 19. However, canine mast cell granules are believed to contain the highly reactive polyanion heparin101 37, which is known to complex with certain pro-teinsl7. Therefore, the demonstration of an RNase-sensitive component in the granule demands the use of an inactive enzyme control. Negative results with this control insure that the protein enzyme is not complexing with the dyebinding sites of the heparin and producing a misleading decreased staining by interference. Based on the established pyroninophilialg and basophilia of RNA7, the high specificity of RNase 9, 39 and the negative results obtained with an inactive RNase control, it has been concluded that the RNase-sensitive basophilia and pyroninophilia in the canine mast cell granule indicate the presence of RNA. The pyroninophilia of the canine mast cell granule was not completely eliminated by RNase digestion. The presence of heparin in the mast cell granule may account for this residual pyroninophilia since this strong anion is capable of binding the basic pyronin dye. The high specificity of RNase for certain phosphodiester bonds9 makes it extremely unlikely that this enzyme has any hydrolytic effect on heparin or similar acid mucopolysaccharides.
Although this study is limited to the resolution of the light microscope, three observations were made which support the contention that the RNase-sensitive material is a component of the canine mast cell granule. First, the distribution, size and quantity of the RNasesensitive pyroninophilic granules and the metachromatic granules are very similar (Figs. 1 & 2) . Second, the granules which stained orthochromatically with toluidine blue (Fig. 5 ) became metachromatic after RNase hydrolysis (Fig. 6) , indicating that the orthochromatic RNA was digested; the unaffected metachromasia reflected the presence of heparin in canine mast cell granules. The third observation indicating that the RNA is in the mast cell granule was the uniform sensitivity of all the granules to RNase hydrolysis. If some of the pyroninophilic granules were aggregated ribosomes or ribonucleoprotein particles and others were the heparin-containing granules, this uniform sensitivity would not have been obtained. It would also be unusual for ribonucleoprotein particles to be condensed into granules visible with the light microscope.
Significance of RNA in Granules
The presence of RNA in the granules of mast cells establishes another link between mast cells and plasma cells. Although RNA is present to some extent in many neoplastic cell#, none of the other 8 different neoplastic cell types examined displayed demonstrable amounts of this nucleoprotein. Other evidence for a mast cell-plasma cell relationship is accumulating. BURNETS and GINSBURG and S A C I I S~~ believe that lymphocytes are capable of differentiating into mast cells. Lymphocytes are also believed to be precursors of plasma cellsg, 31, 3 6 , 43 indicating that mast cells and plasma cells have a common precursor. Plasma cells18 and mast cellsz, 32, 33, 34 are known to participate in a common reaction, the antigen-antibody reaction. In addition to the morphologic similarities observed with the light microscope1G. 28, 40, both cells share two distinctive ultrastructures, a large Golgi apparatus and a granular endoplasmic reticulum6 ' 11335. The observation of intermediate cell forms, "plasma mast cells"~G, 28, strongly suggests some type of direct relationship between mast cells and plasma cells.
The functional significance of RNA in the canine mast cell granule is unknown but at least three interpretations may be considered. (1) Since RNA directs protein synthesis and increased amounts of this nucleic acid have been reported in certain neoplastic cells45, an increase in RNA might be anticipated in mastocytoma cells. However, this type of RNA is usually located at the sites of protein synthesis, the ribosomes, and these ultrastructures are not associated directly with the mast cell granulell. The relationship of the RNR in the granule to neoplasia is especially doubtful considering the demonstration of RNA in the granules of non-neoplastic mast cells and the absence of demonstrable amounts of RNA (under the conditions described) in eight other canine neoplasms. (2) Another interpretation to be considered is the possibility that RNA may coat the mast cell granule and be concerned with the formation and synthesis of these granules paralleling the interpretation of RCKERMAN of the role of RNA in basophil granules'. However, streptococcal protoplastic membranes capable of synthesizing hyaluronic acid continued to synthesize this acid mucopolysaccharide after treatment with RNase and direction by RNA of the synthesis of this acid mucopolysaccharide is considered unlikely".
(3) RNR has been shown to have a vital function in the transfer of the specific information needed for the production of antibodies133 14, 25, and mast cells have been reported to be variously involved in the antigen-antibody reaction% 32, 33, 34. RNA in the granules of canine mast cells may thus be the essential RNA needed for antibody production and would indicate an immunologic function for the mast cell, possibly as a "memory cell" which stores the antigen-complementary RNA necessary for antibody production. Such a function would not only explain the presence of RNA in the mast cell granule but would assist in the interpretation of "plasma mast cells". "Plasma mast cells" may be transitional forms between two cells concerned in the immunologic response, indicating that under certain conditions mast cells may diffuse the granule-bound RNA and mucopolysaccharide and differentiate into antibody-producing plasma cells or, conversely, some plasma cells may condense cytoplasmic mucopolysaccharides and antigen-complementary RNA into metachromatic granules and become "memory mast cells" for future antibody response. The following diagram outlines the possible interrelationships of reticulum cells, lymphocytes, plasma cells and mast cells. The numbers indicate the references used in formulating this outline. 18 
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The application of correlated electron microscopy, biochemistry and histochemistry will be helpful in evaluating the relationship of mast cells and plasma cells.
Summaty
RNase-sensitive pyroninophilia has been demonstrated in neoplastic and non-neoplastic canine mast cell granules and it was concluded that these granules contain RNA. When combined with (1) the observed morphologic similarities between mast cells and plasma cells, (2) the presence of common distinctive ultrastructures, (3) the differentiation of both cells from a common precursor and (4) the participation in a common reaction, the presence of RNA in mast cell granules is offered as additional evidence for a mast cell-plasma cell relationship.
A proposed functional relationship between these two cells is discussed and the "plasma mast cell" is proposed as a possible transitional form between mast cells and plasma cells. 
